staining that BrdU has the cell toxicity which induces mitotic delay3). One alternative to overcome these difficulties is to treat lymphocytes with colcemid during the whole culture period in order to collect only metaphases in the first divisiona,s) It was reported that the chromosome preparations made from a purified lymphocyte culture were superior to those from the conventional whole blood culture 6). Recently, the purified lymphocyte culture has become an easy technique by using the LeucoPREP tube (Becton Dickinson Co., Ltd. )6). In this study, we examined the effect of colcemid treatment during the whole culture period and tried to establish the optimal concentration in the purified lymphocyte culture system. A phenomenon was observed that the frequency of radiation-induced aberration increased at lower concentration of colcemid, suggesting the importance of assuring the accuracy of colcemid concentration in the lymphocyte culture for cytogenetic radiation dosimetry.
MATERIALS AND METHODS
The human peripheral blood was obtained from healthy individuals by a heparinized syringe and kept at 37°C until the time of irradiation. Immediately after irradiation in vitro by X-rays (250 kV, 20 mA, 1-3 Gy delivered at 0.65-0.7 Gy/min), the blood sample was placed into a water bath and incubated at 37°C for 3 hours. In the case of non-irradiation, a blood sample was used just after it was drawn from the donor. Purified lymphocytes were cultured according to the procedure by Hayata et a1.6). In brief, mononuclear cells, which were mainly lymphocytes, were separated with a LeucoPREP tube (Becton Dickinson Co., Ltd.) from the peripheral blood, and washed once with Hank's solution supplemented with 2% fetal calf serum. The number of mononuclear cells was counted with an automatic blood cell counter, and the cells were cultured in RPMI 1640 medium with 20% fetal calf serum at the concentration of 5 X 105 cells/ml. Colcemid (Demecolcine, SIGMA Chem. Co.), of which concentration was carefully adjusted to the prescribed level, and 2% phytohaemagglutinin HA15 (Wellcome Foundation, Ltd.) were added to the medium at the beginning of the culture. The cultures were kept in 5% CO2 atmosphere in an incubator at 37°C. After the hypotonic treatment with 0.075 M KC1 for 20 minutes at 37°C, cultured cells were fixed with methanol-acetic acid (3:1). Chromosome preparations were made by dropping 13,ul of cell suspension onto a slide which was sloped . slightly under the warm (29-32°C) and humid (70-80%) atmosphere condition7)
The mitotic index was examined on non-irradiated lymphocytes which were cultured for 48 hours at various concentrations of colcemid. The slide preparation for scoring mitotic index was made by dropping 5,ul of cell suspension onto the center of a slide glass which was placed horizontally. After the staining with Giemsa, we counted the numbers of metaphase and interphase cells along the vertical and horizontal lines crossing the center of sample on the slide. Scoring of mitotic index was made on more than 1000 cells for each point of observation. Following the same experimental procedures, effect of colchicine on mitotic index in cultured lymphocytes was also examined and compared with the effect of colcemid.
The ratio of the first and the second division metaphases was determined in the sample cultured for 48 or 54 hours at the colcemid concentration of 0.025 or 0.05 ,ug / ml after the irradiation at 1 Gy. BrdU (10,ug/ml) was added in the medium at the initiation of the culture. Air-dried slide preparations were processed by the FPG staining methods', and 250 cells were analyzed for each experimental group.
The frequency of dicentrics and centric rings was examined in the lymphocytes irradiated at 1 or 3 Gy which were cultured with 0.025 or 0.05,ug/ml of colcemid for 48 hours. The preparations were stained conventionally by Giemsa and 100 to 200 metaphase cells were analyzed in each group. The experiments were repeated 5 times using lymphocytes irradiated at 1 Gy. Figure 1 shows the mitotic indices in the specimens cultured with 0.001, 0.0025, 0.005, 0.01, 0.025 and 0.05,ug/ml of colcemid or colchicine. Very few metaphases were accumulated in the cultures having colcemid concentrations below 0.01,ug/ml. On the other hand, a remarkable number of metaphase cells was observed in the cultures having colcemid concentrations of 0.025 and 0.05,ug/ml, which ensured sufficient mitotic indices for analysis (8 and 15%). Although colchicine exhibited a considerable effect of mitotic block at the lower concentrations than colcemid did, the overall efficacy of colchicine was very low as compared by the maximal levels in dose-response curves (Fig. 1) . The division cycle of the metaphases was determined by FPG staining (Fig. 2) . The 48 hour culture with 0.025,ug/ml of colcemid showed that the ratios of the first and the second division metaphases were 97.6% and 2.4%, respectively. The 48 hour culture at the concentration of 0.05 ,ug/ml of colcemid showed that 99.6% of metaphase were in the first division. On the other hand, 54 hour cultures at the colcemid concentrations of 0.025 and 0.05 ,ug / ml showed that 16.8% and 1.6% of metaphases were in the second division, respectively. Gy. In the specimen irradiated at 1 Gy, the frequencies of aberrations per cell in the cultures with 0.025 and 0.05 pug/ml of colcemid were 0.12 and 0.09, respectively. In the specimen irradiated at 3 Gy, the aberration yields per cell with 0.025 and 0.05,ug/ml of colcemid were 0.66 and 0.61, respectively. The aberration yields at the concentration of 0.025,ug/ml seemed to be higher than those at the concentration of 0.05,ug/ml in both 1 Gy and 3 Gy groups. Aberration frequencies at two colcemid concentrations were examined repeatedly using the lymphocytes which were irradiated at 1 Gy. The aberration frequency in the culture with 0.025
RESULTS
,ug / ml of colcemid was larger than that with 0.05 ,ug / ml of colcemid in 4 out of 5 experiments (Fig. 4) . Wilcoxon signed-ranks test was applied to compare aberration yields obtained from paired samples which were cultured with 0.025 and 0.05 pug/ml of colcemid in 7 series of experiments in total (Figs. 3, 4) , showing a significant difference (p=0.05). 
